Distribution of volatile constituents in the essential oil of nutmeg obtained by simultaneous distillation extraction (SDE), high vacuum distillation (HVD) and super critical fluid extraction (SFE) was compared with reduced pressure distillation (RPD) and head space (HS) analysis. HS and RPD volatiles were characterized by a high content of sabinene, followed by -pinene and -pinene. Interestingly, unlike the SDE, HVD and SFE oils, distillates from HS and RPD were marked by the absence of phenolic ethers namely myristicin, elemicin and safrole. The HS and RPD volatiles possessed a pleasant nutmeg aroma indicating a significant role of terpenic constituents in contributing to the top aroma note. GC-olfactometry (GC-O) of the oils aided in establishing the role of sabinene, -pinene and -pinene in contributing to the distinctive note of the spice. A high odor activity value (OAV) of sabinene and -pinene established the role of these two constituents in imparting the characteristic nutmeg odor.
Nutmeg (Myristica fragrans Houtt) is a spice widely used for its aromatic and flavoring properties. It is widely used in culinary preparations such as flavoring bakery products, sauce, pickles, meat products, cakes, cookies, puddings, and colas. It has immense applications in therapeutic medicines. The characteristic organoleptic properties of the spice are attributed to its essential oils. The oil is reported to possess a characteristic spicy, sweet and distinct woody aroma [1] . The volatile oil content of nutmeg is reported to be 10-15% [2] . The major components are terpene hydrocarbons (sabinene, pinene, camphene, p-cymene, phellandrene, terpinene, limonene, myrcene, together accounting for 60 to 80%), oxygenated terpenes (linalool, geraniol, terpineol, approximating to 5 to 15%) and aromatic ethers (myristicin, elemicin, safrole, eugenol and eugenol derivatives, together constituting 15 to 20%). Nutmeg oleoresins are, however, considered to possess a more true-to-nature odor and flavor of the spice. This is believed to be due to the greater content of higher boiling oxygenated compounds such as aromatic ethers that are not completely distilled during steam distillation [2] . No report however exists on the nature of the constituents responsible for the characteristic odor note of nutmeg. Steam distillation is extensively used for the isolation of volatile essential oils from spices. The method has, however, the disadvantage that labile constituents may undergo degradation resulting in artifact formation [3] . This results in changes in aroma profile and thus its sensory acceptability. Besides, loss of very low boiling constituents during steam distillation may also lead to the lower acceptability of nutmeg essential oil compared with its oleoresin. Several other techniques such as SFE using CO 2 as a solvent as well as distillation under reduced pressure and high vacuum distillation techniques have therefore been employed in recent years to obtain volatile isolates that resemble the natural aroma [4] . The volatile profile of the spice can vary depending on the extraction method used. These changes can have a significant impact on the aroma characteristics of the essential oil thus obtained. It was therefore of interest to determine the variation in the aroma profile of such isolates with a view to understanding the role of individual components in contributing to their sensory quality. In the present work essential oils obtained from several established extraction procedures were compared to understand the role of individual constituents in contributing to the sensory quality of nutmeg. These experiments aided in identifying aroma constituents that impart a characteristic odor to this important spice of commerce.
Steam distillation yielded a colorless volatile oil with a characteristic odor of the spice. The yield of oil in the present study was found to be 12.5% [2] . The distribution of the individual constituents of the steam volatile oil identified is listed in Table  1 .Monoterpene hydrocarbons accounted for 88.5%, while oxygenated terpenes and aromatic ethers contributed 6% and 5.5%, respectively to the total aroma profile. Approximately 63% of the oil was constituted of terpene hydrocarbons such as sabinene, -pinene and -pinene. The results are in accordance with the composition of nutmeg oil reported earlier [2] . Despite their lower content in the oil, phenolic ethers such as myristicin, elimicin and safrole have been suggested to be the major compounds responsible for the spicy flavor. However, the role of these constituents as aroma impact compounds has not been clearly demonstrated so far. Low boiling monoterpene hydrocarbons and their oxygenated derivatives are reported to contribute to the finer note of several spices [5] . It was therefore of interest to investigate the role of these compounds in contributing to nutmeg aroma. Monoterpenes are highly vulnerable to chemical changes under steam distillation conditions. In recent years SFE has therefore become an alternative to more conventional extraction procedures. Several researchers have reported the isolation of volatile compounds from spices and other aromatic herbs using SFE [6] . Table 1 lists the major constituents identified in the essential oil obtained using this technique. A high content of phenolic ethers as well as oxygenated monoterpenes characterized the volatile oil.
A spicy phenolic with a lower nutmeg-like odor was perceived by the sensory panel ( 
Terpineol-4 1.6 ± 0.06 top-note of the spice could be inferred contrasting earlier reports on their role in nutmeg aroma. In order to confirm this observation and to understand the role of monoterpene hydrocarbons in the characteristic aroma of the spice other distillation techniques were used to obtain volatiles rich in monoterpene hydrocarbons. Vacuum distillation techniques are reported to yield essential oils that are highly enriched in low boiling constituents. Aroma isolates obtained also resemble closer to the true aroma of the spice [8] .
High vacuum distillation resulted in an essential oil (0.1% w/w) with a characteristic nutmeg odor. A prominent pleasant, floral, woody and spicy aroma note could be clearly perceived ( Table 2 ). The GLC profile of this isolate is comparable with that obtained by the SDE technique. The oil was, however, characterized by the presence of linalool, linalyl acetate, camphene, -phelladrene, 1,8-cineol and limonene, and a significantly lower concentration of myristicin and elemicin ( Table 1 ). The relative distribution of all other constituents was comparable with the steam distilled oil ( Table 1 ). Sensory data ( Table 2 ) indicated that the oil had a truer aroma of the spice compared with the steam distilled and SFE oils that had a harsher phenolic and woody note. The lower content of myristicin and elimicin with woody and phenolic odors may possibly explain this observation. An aroma isolate devoid of these high boiling aromatic ethers may thus provide information on their role in nutmeg aroma. A technique that would selectively isolate only low boiling aroma components of the spice would therefore be of interest.
The high vacuum distillation method as used above is time consuming and requires delicate handling. We have used a Buchi rotary evaporator under reduced pressure (RPD) with a facility for reflux to isolate aroma compounds. The system is simple and rapid, and has the advantage of working at room temperature. Lower vacuum conditions employed (12 mmHg) aided in obtaining isolates enriched in monoterpene hydrocarbons. This was also supported from the recovery studies using a standard mixture as stated in the experimental section. The yield of oil obtained by this technique was found to be 0.3%. Monoterpenes, including their oxygenated derivatives, were the only constituents identified in this fraction. Aroma of nutmeg has been described as spicy, warm, slightly camphoraceous, sweet and penetrating [3] . Sensory evaluation of the oils indicated a strong and pleasant (camphoraceous / sweet) nutmeg aroma with a highly acceptable sensory score (Table 2) . Interestingly, the GLC chromatogram showed the absence of the phenolic ethers in these samples. Sabinene and α-and β-pinenes were the major compounds of this fraction (Table 1 ). This clearly indicated that the phenolic ethers were not the major determinants of the finer notes of nutmeg.Further confirmation of this observation was provided by the analysis of head space isolates of nutmeg.
Head space analysis is a technique wherein the volatiles isolated can be considered to be a true representative of the aroma of the spice. The components identified represent closer the perceived aroma. Most of the high boiling compounds are not readily detected by this method [9] . It was, therefore, of interest to determine the aroma components in the head space of nutmeg.Monoterpene hydrocarbons were the only constituents detectedby this technique. Among these, sabinene was the major component identified with appreciable concentrations of -pinene and -pinene. The profile was characterized by the absence of myristicin and elimicin. Evaluation by the sensory panel also indicated a pleasant nutmeg aroma in the head space volatiles. Thus the role of monoterpenes in contributing to the nutmeg aroma could be assumed. It is interesting to note (Table 1 ) that the ratio of monoterpene hydrocarbons to phenolic ethers is significantly higher in the vacuum distilled oils reflecting their closeness to the nutmeg aroma. This ratio may thus possibly be used as a reliable aroma quality index of nutmeg oils. This, however, needs further confirmation.
GC-O of all the distillates resulted in a peak at R t 7.56 (Figure1A) that had a characteristic and pleasant nutmeg aroma. GC/MS analysis of the isolate corresponding to this peak collected from theTCD vent clearly established the role of sabinene, -pinene and -pinene in contributing to the top note of the spice (Figure1B). Sabinene and -pinene are widely distributed in several essential oils. Sabinene is known to contribute to the spicy terpenic odor of black pepper [10]. -Pinene has a woody green pine like note [11], while -pinene gives a pine and resinous odor. They accounted for 71.9, 14.6 and 2.8% of the isolate, respectively. Among the components of the essential oil identified in this study, sabinene and -pinene were found to possess the highest OAV (Table 1) , further confirming the major contribution of these two constituents to the characteristic odor of the spice. To the best of our knowledge, this is the first report on the isolation and identification of character impact compounds of nutmeg.
The present findings suggest an important role of monoterpenes, particularlysabinene and -pinene, in contributing to the true nutmeg aroma. Comparison of different extraction techniques aided in locating those constituents that impart a characteristic nutmeg odor. While monoterpenes contribute to the sweet and pleasant note of nutmeg, the phenolic ethers with strong phenolic odor modify the odor by imparting a rich spicy body note.
Experimental
General: Commercial samples of dry nutmeg (1 kg) were obtained from a local market and were ground into a fine powder using an electric grinder before use. All standard compounds were procured from Sigma/Aldrich chemical company, USA. Solvents (analytical reagent grade) were redistilled before use.
Steam distillation:
Ground nutmeg powder (50 g) was separately subjected to simultaneous distillation extraction (SDE) technique [12] for 2 h using peroxide free diethyl ether (AR Grade, S.d. Fine-Chem. Ltd., Mumbai, India) as extracting solvent. The solvent was then removed by passing a slow stream of nitrogen to obtain the volatile oil. The percent yield (w/w) was calculated on a dry weight basis.
High vacuum distillation (HVD):
High vacuum (1x 10 -3 mmHg) distillation was carried out according to the procedure reported earlier [8] . Powdered sample (125 g) was mixed with twice its volume of distilled water to obtain slurry that was frozen in liquid nitrogen before use. The sample was subjected to vacuum distillation for 6 h. The distillate obtained was extracted with diethyl ether (3x10 mL) in order to isolate the volatile constituents. Solvent was removed by a slow stream of nitrogen to obtain the oil that was subjected to TLC and GC/MS analysis, as described below.
Supercritical fluid extraction (SFE)
: SFE was carried out essentially according to the procedure reported earlier [7] . Ground nutmeg (35 g) was subjected to supercritical CO 2 extraction using laboratory scale supercritical equipment (SPEED-SFE, of Applied Separations, USA). Pure carbon dioxide (> 99 % purity) at a flow rate of 1 mL/ min and having a density of 0.72 g/mL was used for the extraction. The extraction was carried out for 40 min (dynamic) at 40C and a pressure of 120 bars. A static time of 5 min was maintained for all the trials undertaken. The SFE extract was subjected to TLC and GLC analysis, as reported below.
Head-space (HS) analysis:
Analysis was carried out according to the procedure reported earlier [13] . Nutmeg powder (50 g) was placed in a conical flask (250 mL) fitted with an adaptor provided with a side tube and having a stop cock and a small aperture at the top. The aperture was closed with a self -sealing septum. Air above the head space was removed by application of vacuum for 30 sec and the whole apparatus was then kept in an oven at 40 0 C for 45 min for the volatile aroma compounds to diffuse until the head space had attained a state of equilibrium. An aliquot of the vapor in the head space was taken by using a 5 mL gastight syringe (Hamilton no. 1005, Reno, NY, USA) and directly injected into the GC/MS instrument under the conditions described below.
Reduced-pressure distillation (RPD):
Vacuum distillation was carried out essentially according to the method reported earlier [14] using a Buchi rotavapour R-114 having a facility for reflux under reduced pressure (12 mmHg). Nutmeg powder (30 g) was mixed with 80 mL of diethyl ether in the sample flask and the apparatus was then set to reflux mode for 3h under vacuum. The whole process was carried out in a closed system under vacuum. After reflux the solvent along with aroma compounds of interest were collected in the receiving flask while still maintaining a closed setup. No nutmeg aroma could be perceived in the cold traps maintained between the vacuum pump and refluxing unit. Thus the loss of low boiling volatiles was avoided. Solvent collected in the receiving flask was removed as above to obtain an aroma 1446 Natural Product Communications Vol. 10 (8) 2015 Chatterjee .et al.
concentrate. Remaining powder still having a nutmeg aroma was transferred to the SDE apparatus and the volatiles present recovered by steam distillation, as above. Efficiency of the method and optimum extraction time was determined using a standard mixture of α-pinene, 2-octanol, limonene, linalool, α-terpeniol, geranyl acetate, humelene, myristicin and eugenol in diethyl ether under the same experimental conditions as above. While monoterpene hydrocarbons were recovered to an extent of 90%, sesquiterpenene hydrocarbons and oxygenated terpenoids showed a lower recovery (<50%). Myristicin and eugenol were, however, not detected in the GLC profile of the distillate. Optimum recovery was achieved up to 3 h beyond which losses in aroma compounds led to decreasing efficiency of the apparatus.
GC-MS analysis of essential oils:
The aroma concentrates obtained from the different extracts, as well as the fractions obtained from TLC, were subjected to GC-MS analysis on a Shimadzu GC-MS instrument (Shimadzu Corporation, Kyoto, Japan) equipped with a GC-17A gas chromatograph and provided with a DB-5 (J&W Scientific, California, USA) capillary column ((5%-Phenyl)methylpolysiloxane, length, 30 m; id., 0.25 mm and film thickness, 0.25 m). The operating conditions were: column temperature programmed from 60 -200 0 C at the rate of 4 0 C/min, held at initial temperature and at 200 0 C for 5 min. and further to 280 0 C at the rate of 10 0 C/min, held at final temperature for 20 min; Injector and interface temperatures, 210 and 230 0 C, respectively; carrier gas helium (flow rate, 0.9 mL/min); ionization voltage, 70ev; electron multiplier voltage, 1KV. Peaks were tentatively identified by comparing the mass fragmentation pattern and Kovats indices (KI) with those of standard compounds whenever available, from standard spectra available in the spectral library (Wiley / NIST Libraries) of the instrument. as well as from literature data.
GC-olfactometry (GC-O) analysis:
Aroma isolates obtained from the different isolation techniques were subjected to GLC on a Shimadzu GC-14A instrument equipped with a TCD detector and a Shimadzu C-R6A integrator. Samples were analyzed on a Silar 10C packed (Gaschrome Q, 60/80 mesh) column under the following conditions: column temperature programmed from 60 -200 0 C at the rate of 4 0 C/min, held at initial temperature and at 200 0 C for 5 min; injector temperature, 210 0 C, TCD block temperature, 180 0 C, flow rate 40 mL/min, and TCD current 75 mA. The compounds eluting from the column were sniffed at the exit port of the TCD (TCD vent). Peaks corresponding to nutmeg aroma were identified by a sensory panel made up of 5 judges who were familiar with nutmeg aroma. The components eluting from and corresponding to the peaks of interest were trapped at low temperature (dry ice, -20 0 C) in diethyl ether (1 mL) by teflon tubing connected to the TCD vent at one end and inserted into the solvent at the other. After the peak(s) had been eluted, the solvent was reduced to half the volume. Samples were directly injected into the GC/MS instrument under the conditions described below.
Sensory analysis:
The essential oil samples obtained from each of the above isolates were suitably diluted with diethyl ether (1 x 10 -3 -1 x 10 -4 ) and then evaluated on filter paper strips. A panel of 5 judges who were familiar with nutmeg aroma carried out sensory evaluation. Each isolate was judged for odor descriptors such as characteristic nutmeg odor, sweet pleasant nutmeg like odor, spicy odor and flowery odor. Evaluation was carried out on a 5 point scale: 1 -very intense, 2 -intense, 3 -perceptible, 4 -weakly perceptible, 5 -not perceptible. In the case of head-space, the volatiles taken in a 5 mL syringe were directly evaluated for aroma by the sensory panel.
Determination of odor activity values (OAV):
OAVs were determined by dividing concentration of a compound with its odor threshold. The odor threshold data were obtained from reported literature data.
Quantitative analysis: All data (Table 1 ) are a mean of 3 independent analyses, each analyzed in duplicate. Data are thus expressed as mean  S.D. (n=6). Amounts of the identified compounds in the essential oil obtained from various extraction methods were estimated from a standard curve (R 2 = 0.99) of concentration versus peak area prepared using different ratios of standard -pinene and limonene and expressed as mg/g of nutmeg.
